The displacement in east Africa of the US-1 clonal lineage of Phytophthora infestans by 2_A1 clonal lineage has been very rapid. This study tested the hypothesis that dominance of 2_A1 could be due, at least in part, to the increased aggressiveness of 2_A1 over US-1, using both a detached leaf assay (DLA) and a tuber slice assay. The assays were conducted in Uganda and Kenya but US-1 was only assayed in Uganda, because isolates could not be moved across borders and no potato US-1 isolates were available in Kenya. All isolates were collected from potato and compared on two potato cultivars (Kachpot-1 and Sarpo Mira), with the 2_A1 isolates also tested on tomato cultivar Rio Grande. Additionally, a tuber slice assay was done to test whether the capacity to infect tubers differed between 2_A1 and US-1. The aggressiveness of the isolates in the DLA varied significantly both within and among isolates classified according to clonal lineage and for type of host. The 2_A1 isolates were significantly more aggressive than US-1 isolates on both potato varieties evaluated. There were no significant effects of clonal lineage or potato cultivar used in the tuber assay. No significant correlation between foliar and tuber pathogenicity was observed. The 2_A1 isolates were significantly more aggressive on potato than on tomato. An effect of location was also observed in the DLA, on both hosts. It can be concluded from this study that greater pathogenicity of 2_A1 is at least partly attributable to its increased aggressiveness on potato.
Introduction
Late blight disease of potato (Solanum tuberosum) and tomato (Solanum lycopersicum) caused by the oomycete pathogen Phytophthora infestans limits production of these crops throughout the tropics and especially in east Africa. Late blight is mainly a foliar disease and is associated with particularly humid environmental conditions during the cropping season (Harrison, 1992) . In east Africa, the disease was first reported in 1941 in Kenya on the potato cultivar Kerr's Pink, the seed of which had been imported from the United Kingdom in the same year (Cox & Large, 1960) . A year later, the disease had reached Uganda and then spread to Congo and Tanzania (Nattrass, 1944) . From the introduction of the disease in the region until recently, the P. infestans population has seemingly been dominated by a single clonal lineage, US-1, which is characterized by a Ib mitochondrial (mt)-DNA haplotype and an A1 mating type (Vega-Sanchez et al., 2000; Ochwo et al., 2002) . However, there are exceptions to the almost exclusive occurrence of US-1 in the region, as genotypes of different lineages have been reported from Rwanda Gavino & Fry, 2002) and a different lineage with Ia mtDNA haplotype has dominated in Ethiopia for the last few decades (Schiessendoppler & Molnar, 2002) .
Currently, the population of P. infestans in east Africa consists of a tomato-adapted US-1 lineage (A1 mating type, mtDNA haplotype Ib, Gpi 100/100), a potatoadapted US-1, (A1 mating type, mtDNA haplotype Ib, Gpi 86/100) and the 2_A1 lineage (A1 mating type, mtDNA haplotype Ia, Gpi 90/100) on potato (VegaSanchez et al., 2000; Pule et al., 2013; Njoroge et al., 2016) . These lineages are identified by the genotypes of particular isolates and will hereafter be referred to as genotypes when referring to specific isolates. In Uganda, the three lineages still coexist, especially in the southwestern part of the country (Njoroge et al., 2016) . In Kenya, the US-1 lineage on potato has been completely displaced and currently two lineages are present, 2_A1 on potato and tomato, and US-1 on tomato (Njoroge et al., 2016 (Njoroge et al., , 2018 . Even though the P. infestans population in east Africa is still fairly simple, comprising only a few asexual lineages, the 2_A1 lineage seems more pathogenic than the old US-1 lineage, as the former has rapidly displaced the latter on potato. Here, pathogenicity is used comparatively to refer to the ability of a lineage to be the dominant contributor to the subsequent pathogen population over time. The persistence of US-1 on tomato, after being displaced on potato, has been reported elsewhere Reis et al., 2005) . This generally seems to be the case in east Africa, but recently in Kenya (Njoroge et al., 2018) and Ethiopia (Shimelash et al., 2016) , the tomato-adapted US-1 genotypes have been reported to coexist with 2_A1 genotypes on tomato. The P. infestans isolates from tomato and potato in Ethiopia have an Ia mitochondrial-DNA haplotype and a simple sequence repeat (SSR) fingerprint similar to 2_A1 and are thus inferred to be the same clonal lineage (Njoroge et al., 2016) .
Differences in the ability to compete between lineages may be a contributing factor to the dominance of the 2_A1 lineage in the P. infestans population in east Africa. Competitiveness is the ability of a particular lineage to thrive while coexisting with other lineages in a given environment. The competitiveness of 2_A1 over US-1 is therefore thought to be partly influenced by pathogen aggressiveness, the amount of disease that is caused by an organism (Andrivon et al., 1993) . Even though high aggressiveness of an organism does not automatically render it fit (Kirk et al., 2001) , aggressiveness could be one of the drivers of the quick spread and dominance of 2_A1 in east Africa. New lineages may also infect more than one host and this expansion of effective host range may be involved in pathogen population changes (Deahl et al., 2006) . Thus, a high degree of aggressiveness on both potato and tomato could give a particular lineage a competitive advantage. Specific traits that might give particular lineages of P. infestans a competitive advantage include greaterer sporangia production, earlier release of zoospores, faster rate of germination, producing more haustoria and a more effective nutrient assimilation (Chapman, 2012) .
There are no quantitative data on the relative aggressiveness of 2_A1 and US-1 lineages isolated on potato in east Africa. An assessment of the different aggressiveness components of isolates could explain, at least in part, how 2_A1 has managed to displace US-1 on potato in a very short time. Also, evaluating the extent to which 2_A1 genotypes can infect tomato in the absence of potato US-1 genotypes, could help explain if the appearance of 2_A1 on tomato in Kenya is by chance or adaptation, because the latter has direct implications for disease management strategies.
Aggressiveness has been separated into quantitative traits of the pathogens' life cycle such as infection efficiency, latent period, sporulation rate and lesion size (Pariaud et al., 2009) . In this study, aggressiveness was compared on both susceptible and resistant cultivars by measuring latent period, lesion size and incubation period. Additionally, aggressiveness was estimated through disease severity, which was measured as a percentage of infected tuber slice. Resistance to potato tuber blight has been reported to act independently of foliage blight resistance but variability in tuber susceptibility, to different pathogen genotypes, could also be a factor explaining greater pathogenicity of pathogen lineages (Oyarz un et al., 2011) .
Latent period, the time interval between the start of the infection process by a unit of inoculum to onset of sporulation from that infection, is strain-dependent and therefore affected by competition within a clonal pathogen population (Suffert & Thompson, 2018) . A short latent period is thus considered to be a key pathogenicity trait conferring a competitive advantage, particularly for polycyclic plant diseases (Suffert & Thompson, 2018) . Lesion size, the surface area that produces spores, can display a dramatic semisystemic growth in P. infestans (Emge et al., 1975) . The rate of lesion growth is key in pathogen competition for available host tissue (Pariaud et al., 2009) . Incubation period, the time interval from host infection to expression of disease symptoms, is also strain-dependent. In some cases, there are no differences between latent and incubation period, in others it can differ by several days or more.
This study was undertaken to test the hypothesis that differential aggressiveness has contributed to the predominance of 2_A1 in east Africa. The approach was to compare some components of aggressiveness of the 2_A1 and US-1 clonal genotypes obtained from potato, because it was the only host where the two lineages were coexisting at the time of the study. A second tactic used in the study was to determine if the 2_A1 genotypes obtained from potato had an ability to infect tomato leaflets and cause comparable disease (blighted lesions), as a way of trying to understand if 2_A1 had a capability to attack tomato. The procedure was to use a detached leaf assay experiment adapted from Knapova & Gisi (2002) that involved placing inoculum on the abaxial leaflet surface, followed by incubation under favourable conditions for pathogen infection, development and establishment. Equally, a tuber slice assay adapted with slight modifications from Sharma et al. (2013) was used.
Materials and methods

Plant material
Potato cultivars Sarpo Mira (European origin) and Kachpot-1 (Ugandan origin) and tomato cultivar Rio Grande (USA origin) were used for this study. The potato plant material was received as presprouted certified seed tubers from Uganda's national potato breeding programme at Kachwekano Zonal Agricultural and Development Institute (KaZARDI) and planted in Uganda and Kenya. In Uganda, both potato cultivars were planted but only Sarpo Mira was used in Kenya. Lack of enough certified seed for Kachpot-1 at the time of the experiment meant that this variety, which is only grown in Uganda, could not be imported and planted in Kenya. The tomato seeds of Rio Grande, a late blight susceptible cultivar, were purchased locally in Kenya. The potato cultivars were selected based on their different levels of resistance to late blight, with Sarpo Mira being resistant and Kachpot-1 moderately susceptible. The potato tubers and Plant Pathology (2019) 68, 566-575 tomato seeds were grown in a screenhouse in 3 L pots containing pasteurized soil and under natural light conditions but with controlled day temperatures of 22 AE 2°C.
Isolate collection and isolation
Twenty-four P. infestans isolates were obtained from previous collections made from potato growers' fields (Table 1) in both Uganda (2015 Uganda ( /2016 and Kenya (2016) . All isolates were studied in their country of collection.
Data collection
This study used lesion size, latent infection and incubation period on detached leaflets as well as colony size on tuber slices to estimate aggressiveness of the different clonal genotypes. The sporulation capacity was no less important in this study, but the data were not collected due to experimental technical issues in one of the study sites. Data were collected in both Uganda and Kenya because isolates from one country could not be moved to the other. Consequently, US-1 could only be assessed in Uganda where isolates of this lineage still existed in low numbers, as evident from the number of isolates used in this study. The specific pathogen lineages and host cultivars used in each country are indicated to enable appropriate comparisons (Table 1 ).
Molecular characterization of isolates
The isolates were genotyped using microsatellite markers (SSR) to determine which of the two pathogen lineages present in east Africa they belonged to. For DNA extraction, the quick NaOH extraction method of Wang et al. (1993) was adapted as follows. Mycelia from each sample in culture were collected in Eppendorf tubes. Subsequently, 90 lL of 0.5 M NaOH was added to each Eppendorf tube and the contents were then ground with a hand-held plastic pestle until the sample liquified. Immediately, 3 lL of the solution was transferred to a new tube containing 300 lL of 100 mM Tris buffer, pH 8.0. The tubes were vortexed briefly and the DNA placed on ice.
For the SSR analysis, four markers of the standard 12 SSR markers for P. infestans genotyping (Li et al., 2013) were used to distinguish clonal lineages and genotypes within a lineage. The markers Pi70 and Pi56 (Lees et al., 2006) had previously been documented to differentiate the P. infestans lineages in east Africa (Njoroge et al., 2016) while markers D13 (Lees et al., 2006) and PiG11 (Knapova & Gisi, 2002) are able to resolve within-lineage diversity (Njoroge et al., 2016) . The PCRs were performed in single primer reactions containing AccuPower Taq PCR 29 master mix (Bioneer), 3 lL DNA as template and the primers, used at a final concentration of 0.25 lM. The PCR conditions were as follows: initial denaturation at 94°C for 3 min; 33 cycles of 30 s at 94°C, 30 s at 58°C, 45 s at 72°C; and a final extension cycle of 25 min at 72°C. Visualization of the successful PCR amplicons was done on agarose gel electrophoresis. The samples were prepared and submitted for DNA fragment analysis on an automated ABI 3730 sequencer following the manufacturer's protocols. Allele sizes were determined on GENEMAPPER v. 3.7 software (Applied Biosystems). The resulting genotypes were compared against the reference samples, previously genotyped by Njoroge et al. (2016) and resolved to be either US-1 or 2_A1. 
Inoculum production
The isolates were either maintained as cultures in pea agar medium (Flier et al., 2003) or as agar plugs at room temperature in a laboratory-adapted method of using test-tubes with sterile water and cereal grains (rice plus wheat). Inoculum was prepared using a tuber slice method (Forbes, 1997) by transferring mycelium plugs pulled out of the water and pea agar cultures to the surface of approximately 1 cm thick tuber slices of susceptible potato cv. Victoria (CIP 381381.20) . All isolates were grown twice on the tuber slices of cv. Victoria before being used for inoculum production. The tuber slices were placed in plastic Petri dishes that were sealed with Parafilm and incubated in a naturally lit room in Uganda with temperatures of 18 AE 1°C and in a controlled growth chamber in Kenya, set at 18°C. After 5-6 days, a thick white growth of mycelia covering the surface of tuber slices was harvested aseptically in Falcon tubes containing 10 mL sterile distilled water. The Falcon tubes were vortexed for about 2 min to enable sporangia release from the mycelia. The suspensions were filtered through four layers of cheesecloth to remove mycelium fragments. Dilutions were made with sterile water to a suspension of 4 9 10 3 sporangia mL À1 with the aid of a haemocytometer and incubated at 4°C for 4 h to stimulate zoospore formation. Presence of viable zoospores for each isolate was confirmed under the microscope before inoculations.
Detached leaf assay (DLA)
The DLA assay was conducted using a method adapted from Knapova & Gisi (2002) . Apical leaflets were cut from the fourth and fifth leaf levels of 7-8-week-old potato and tomato plants and used in the inoculations. Leaflets from different plants were used as replicates. Prior to inoculation, leaflets were washed with sterile distilled water and placed abaxial side up in humid chambers made up of Petri dishes (9 cm) with moistened paper towels. One 50 lL drop of inoculum, 4 9 10 3 sporangia mL
À1
, was centrally placed on each leaflet using a micropipette. As a control, a drop of sterile distilled water was applied on an additional leaflet within each replicate. In Uganda, five leaflets of each potato cultivar per isolate were replicated three times (total of 15 leaflets of each cultivar per isolate); the latter were used as subsamples. Inoculated leaflets were incubated in a naturally lit room with temperatures of 18 AE 1°C. In Kenya, for each of the 15 isolates, five potato leaflets and four tomato leaflets were used as replicates and each inoculated with the isolates to be tested, but no biological replicates were made due to shortage of leaves. To avoid desiccation, Petri dishes of each experimental replicate were stacked in clear polythene bags. Incubations were then done in a controlled plant growth chamber with temperatures of 18°C and relative humidity of 98%. The time from inoculation to presence of lesions (incubation period, IP, days) and time from inoculation to sporulation (latent period, LP, days) were assessed daily starting 3 days after inoculation under a microscope at a magnification of 940. On the seventh day, lesion size (estimated as lesion area, mm 2 ) was determined as the area of an ellipse, A = pab where a is the shortest and b the longest radii of the ellipse. The radii were calculated by measuring and halving the diameters of the lesion along and across the leaflet midrib. The measurements were done using a digital hand-held Vernier caliper.
Tuber slice assay
The assay was adapted from the method described by Sharma et al. (2013) . Medium-sized potato tubers of cvs Kachpot-1 and Sarpo Mira without any visual symptoms of infection of P. infestans or other disease were harvested from the screenhousegrown plants in Uganda and used for this assay. The tubers were hand-harvested to minimize chances of injury to the skin and washed with tap water, soaked in 10% bleach (commercially referred to as Jik; Reckitt Benckiser) for 10 min, rinsed with distilled water three times and then air-dried. One-cm-thick slices from the middle of each tuber were cut with a sterilized knife and placed in 9 cm plastic Petri dishes. One 50 lL drop of inoculum with 4 9 10 3 sporangia mL
À1
, prepared in the same way as for the DLA, was placed at the centre of each tuber slice. Three tuber slices were used as replicates for each isolate, and a fourth tuber slice was inoculated with sterile distilled water as a control. Incubation was done at 18 AE 1°C in a naturally lit room. To minimize bacterial contamination on the experimental units, the Petri dishes were inverted after 24 h such that the inoculated side of tuber slices was facing down. The colony size of P. infestans that grew through and established on the tuber slice surface was estimated visually on the seventh day after inoculation by estimating both the necrotic tissue and mycelium coverage. The colony sizes (diseased area) were estimated as percentage of the entire tuber slice.
Data and statistical analysis
The lesion size and the number of days for latent and incubation periods on the detached leaflets, and the colony size on tuber slices were used as dependent variables in the statistical analyses. Data were analysed using analysis of variance (ANOVA) in R v. 3.1.2 (R Core Team, 2014) and mean comparison was conducted using Fisher's least significant difference (LSD) test (a = 0.05) in the AGRICOLAE package in R (de Mendiburu, 2015) . The relationship between components of foliar aggressiveness (lesion size) and tuber pathogenicity (colony size), latent and incubation periods, was only tested for isolates that caused infection on potato leaflets and the tuber slices, using Spearman's rank correlation rho (R v. 3.1.2). Normality of variances was checked on all variables using the Shapiro-Wilk test (Shapiro & Wilk, 1965) .
Results
Clonal lineages
The microsatellite genotyped P. infestans samples were confirmed to be either 2_A1 or US-1. Of the 24 isolates, only four from Uganda were US-1, the rest were 2_A1. All the isolates within a lineage had unique and different SSR multilocus alleles and are thus considered to represent a single genotype.
Detached leaf assay
Lesion size There was no interaction between pathogen lineage and the potato cultivar (P = 0.453), hence the main effects for each clonal lineage were examined, as well as for lineage by potato cultivar interactions (Fig. 1) . On average Plant Pathology (2019) 68, 566-575 across both potato cultivars, US-1 caused lesions that were roughly 25% (1200.6 mm 2 ) smaller than those caused by 2_A1 (1580.5 mm 2 ; Fig. 1 ). As expected with no interaction, the increase in lesion size caused by 2_A1 was relatively similar for both varieties, even though Kachpot-1, the more susceptible cultivar, clearly had larger lesions than Sarpo Mira (Fig. 1) . The higher aggressiveness of 2_A1 was consistent even at the isolate level. On Sarpo Mira, every 2_A1 isolate caused a larger lesion than US-1 isolates; on Kachpot-1, this was the case for all US-1 isolates but one. A single US-1 isolate caused a lesion slightly larger than (although not significantly different from) the smallest lesion caused by a 2_A1 isolate (Table 2 ).
In the assessment of aggressiveness of 2_A1 genotypes on both potato and tomato detached leaflets, there were highly significant interactions (P ≤ 0.0001) between isolates and hosts, hence the effects were analysed on each host individually. Due to the lack of relationship between aggressiveness on the two hosts, isolates that caused larger lesions on potato did not necessarily cause the largest lesions on tomato. It is notable that significant differences were observed within individual isolates when inoculated on either host (Table 3 ; P ≤ 0.0001). All isolates but one, Meru-56, caused larger lesions on potato than tomato, and these differences were in most cases highly significant (Table 3) . Isolates from Meru, one of the three sampling locations in Kenya, were on average the most aggressive on both potato and tomato, while isolates from Molo and Muguga sampling sites caused smaller lesions of similar size on potato and smaller lesions of dissimilar size on tomato, as shown by the Fisher's least significant difference test (Table 4) . Two isolates, Muguga-69 and Molo-32, were not able to infect the potato cultivar Sarpo Mira. Isolate Muguga-69 grew on tomato leaflets although it caused a very small lesion. Isolate Molo-32, which also did not infect Sarpo Mira, and two other isolates, Muguga-123 and Meru-101, were not used in the tomato assay due to loss of the isolates in culture.
Latent period and incubation period
There were highly significant effects of isolates on LP as well as of pathogen lineages and potato cultivars ( Table 5 ). The LP for the 2_A1 (3.3 days) was significantly (P ≤ 0.0001) shorter than that of US-1 (3.7 days). The LP on potato cultivar Kachpot-1 (3.3 days) was significantly (P ≤ 0.0001) shorter than on cultivar Sarpo Mira (3.6 days).
For the IP, the only highly significant effects were recorded for isolates and between pathogen lineages (Table 5) , with 2_A1 lineage showing a significantly shorter IP (3.1 days) than US-1 (3.5 days). In Kenya, the isolates from sampling location Molo had a seemingly shorter period (2.5 days; significant at P = 0.054) compared to the other two locations, Muguga (3.0 days) and Meru (3.4 days).
Tuber slice assay
There was no interaction (P = 0.953) between pathogen genotype and potato cultivar, hence these parameters were assessed individually. There was a highly significant (P ≤ 0.0001) effect of isolate on colony size but no significant effects of pathogen clonal lineage or potato cultivar tested. When the isolates were tested on either potato cultivar, Kachpot-1 or Sarpo Mira, there was no variation in colony size for either 2_A1 or US-1. However, despite the statistically insignificant interaction between isolates and potato cultivar, one US-1 isolate Figure 1 Means for lesion size caused by clonal lineages of Phytophthora infestans 2_A1 and US-1 inoculated on either potato cultivar Sarpo Mira or cultivar Kachpot-1 in Uganda.
Plant Pathology (2019) 68, 566-575 performed similarly on both cultivars. The 8_Kabale isolate had the least colony growth on both potato cultivars, with a colony size of 16.7% on Kachpot-1 and 5% on Sarpo Mira.
Correlation analyses
The correlation between latent and incubation period for the 13 2_A1 genotypes that infected cv. Sarpo Mira in Kenya was significant (rho = 0.56, P = 0.047, a = 0.05; Fig. 2a ). Additionally, highly significant correlation for LP and IP was found for genotypes attacking both cv.
Sarpo Mira and Kachpot-1 in Uganda (rho = 0.90, P = 0.001, a = 0.05; Fig. 2b ). However, there was no significant association between tuber assay and DLA (rho = 0.37, P = 0.13, a = 0.05; Fig. 3 ). Even though isolates had significant effects in both the tuber assay and the DLA, isolates that had large colony sizes on the The letters following the means shows the grouping of means within the samples; values followed by the same letter in a column do not differ significantly according to the Fisher's least significant difference (a = 0.05) test. Table 5 Sources of variation in analysis of variance (ANOVA) for latent period (LP, days) and incubation period (IP, days) of Phytophthora infestans inoculated on detached leaflets of potato in Uganda and Kenya.
Source of variation
Uganda Kenya The P-value given is tested at 95% confidence interval. Values less a = 0.05 are considered significant while those equal to or greater than a are considered nonsignificant. a Potato cultivars Sarpo Mira and Kachpot-1 used in Uganda. b Pathogen lineage 2_A1 and US-1, compared only in Uganda. c na, not applicable. The specific factor does not apply for the specific test for the country.
Plant Pathology (2019) 68, 566-575 tubers did not necessarily cause large lesions on leaflets. Consistency was only found from a single isolate, 8_Kabale, which caused the smallest leaf lesion and tuber colony size on potato cultivar Kachpot-1.
Discussion
It is evident from this study that 2_A1 genotypes caused larger lesions and had shorter latent periods than the US-1 genotypes on the two potato varieties tested. This indicates a higher aggressiveness in 2_A1 compared to US-1 and, logically, one can assume that this aggressiveness has contributed to the displacement by 2_A1 of US-1 in east Africa. When sporangia for each isolate were quantified on a haemocytometer during inoculum preparation, the 2_A1 genotypes had sporangia production of up to 10 times that of the US-1 genotypes, signifying higher sporulation capacity within the 2_A1 lineage. In the field, a shorter LP would mean that 2_A1 genotypes would add additional cycles of infection faster than US-1 genotypes, and thus there would be more inoculum from 2_A1 genotypes competing to cause infection, giving 2_A1 a competitive advantage.
Previous reports have indicated that a US-1 tomatoadapted lineage infected tomato in east Africa (VegaSanchez et al., 2000) and that the 2_A1 lineage was not able to displace the US-1 lineage on tomato (Njoroge et al., 2016) . However, results from the present study showed that 2_A1 genotypes readily cause lesions on tomato and two of the tested genotypes caused larger lesions on tomato than on potato. To better test for host adaptation, one would need to cross-inoculate pathogen genotypes isolated from both hosts. However, the present data does indicate the potential for 2_A1 to survive on tomato and cause serious damage on that host. This seems to agree with a study by Njoroge et al. (2018) looking at the population structure of P. infestans where 2_A1 genotypes were reported to be dominating on tomato in Kenya, indicating a possible wider host range for this lineage. These 2_A1 genotypes are yet to be isolated from tomato for any phenotypic studies. The study by Vega-Sanchez et al. (2000) showed that hostadaptation is very strong under field conditions, while only minor differences are detected with DLA. However, these findings were made on US-1 genotypes in Kenya and Uganda, hence no data for the 2_A1 genotypes is available. In the future it will be important to identify the genotype of isolates causing damaging levels of blight on tomato in the field in Kenya to determine whether 2_A1 has further adapted to this host. It is important to note that while US-1 caused damaging levels of disease on both potato and tomato in east Africa, this resulted from two separate subpopulations of US-1 (Vega-Sanchez et al., 2000) , implying that with US-1, adaptation on tomato came at a cost of reduced pathogenicity on potato. This possibility should also be kept in mind when evaluating 2_A1 adaptation to tomato in the region as it is not known if the 2_A1 genotypes on tomato in Kenya exhibit host-specialization. If 2_A1 adapts to tomato and the subsequent subpopulation cannot reinfect potato in the field, then 2_A1-infected tomatoes acting as a source of inoculum to potato growers' fields will be of less epidemiological concern. The ranking of mean lesion size for the individual genotypes differed between the two hosts, indicating that a genotype that is highly aggressive on potato is not necessarily as aggressive on tomato and vice versa. One 2_A1 genotype, Muguga-69, was not able to infect potato but produced lesions on tomato. Lack of correlation for infection on potato and tomato was also evident in a study done in Ecuador , where the authors found that some isolates infected one host but not another. However, that paper did not report any genotypes that could only infect the alternative host, as was the case with Muguga-69. Even though it is not clear why a potato genotype would fail to infect potato but could infect tomato, there is a possibility that the very susceptible tomato cultivar Rio Grande would allow even the P. infestans genotype with very low aggressiveness to colonize it. It is also possible that one of the R genes in Sarpo Mira (Rietman et al., 2012) is effective against isolate Muguga-69, but not present in tomato, nor in potato cultivars grown in the Muguga region. A susceptible tomato variety was used in the current study to eliminate possible effects of host R genes in the pathogenicity expression of genotypes from an alternative host. At the time of this study, there were no reports of any 2_A1 genotypes attacking tomato in the field and no 2_A1 genotypes on tomato have been isolated to date.
The larger lesion sizes recorded on the potato cultivar Kachpot-1 as compared to Sarpo Mira, for all 2_A1 and US-1 genotypes, is consistent with the relative ranking of the two cultivars for late blight susceptibility. Cultivar Sarpo Mira is highly resistant (Lees et al., 2012) while cv. Kachpot-1 is moderately susceptible (Njoroge et al., 2014) . A preliminary test of the DLA with a susceptible potato variety, Victoria (CIP 381381.20), resulted in nearly no variation amongst the genotypes for LP and IP, possibly due to its high disease susceptibility. A second DLA attempt with cv. Victoria gave similar results and thus it was dropped from the experiment. The results seem to agree with previous reports that late blight resistance in cv. Sarpo Mira can only be detected in whole plant assays (Orlowska et al., 2012; Rietman et al., 2012) . Therefore, having isolates that infected cv. Sarpo Mira in the DLA reaffirms the discrepancy between field and laboratory results cited by the aforementioned authors.
The quantification of components of aggressiveness on detached leaflets of potato and tomato as well as the tuber slice assay in this study were limited in scope but still able to demonstrate significant differences among isolates and clonal lineages of P. infestans. Furthermore, the number of US-1 genotypes used in Uganda were only four against five 2_A1 genotypes but this is because at the time of the study very few US-1 axenic cultures were available. Two genotypes of each lineage were collected in 2015 with the rest being collected in 2016. From the DLA findings, the season in which the genotypes were collected did not seem to affect the results. The two US-1 and 2_A1 genotypes collected in 2015 were not the least aggressive in the DLA. In fact, one of the 2_A1 genotypes collected in 2015 was the most aggressive in the DLA and tuber assay while a US-1 genotype collected in 2016 was the least aggressive. Therefore, despite the constraint of this study having a relatively small sample size, clear differences between US-1 and 2_A1 were evident. In Kenya, no US-1 isolates on potato were available as the displacement of this lineage from this host preceded this study.
The 2_A1 genotypes from Meru, one of the sampling sites in Kenya, showed bigger leaf lesion sizes on both hosts and a shorter latent period on potato, suggesting a likelihood of higher aggressiveness evolution for P. infestans in that area. However, it is unclear what would favour the selection for higher aggressiveness in a specific geographical region. It has been reported that potato growers in Meru grow mainly the red-skinned Asante (Victoria, CIP 381381.20) potato cultivar (Muthoni et al., 2013) . Victoria is very susceptible with a late blight score of 7 out of a possible 9 under east Africa conditions (Njoroge et al., 2014) . However, in the Molo area, the white-skinned Cangi (CIP 820050), which is moderately susceptible to late blight, is the main cultivar grown (Muthoni et al., 2013) . Contrastingly, nearly all farms sampled in Kenya for late blight had either cv. Cangi, or a mix of cv. Cangi and cv. Tigoni (CIP 820049). While it seems there might not be an effect of potato varieties grown in Meru on the pathogen aggressiveness, the microclimate there, although unknown to the authors, could be responsible.
The weak relationship observed between latent and incubation periods for genotypes attacking cv. Sarpo Mira was due to the fact that the least aggressive genotypes often had a longer latent period, as expected, but a shorter incubation period. It is not known why this occurred but it could be related to a more rapid host reaction to infection with these genotypes. Oyarz un et al. (1998) and Vega-Sanchez et al. (2000) both found that non-tomato-adapted isolates caused a strong, pigmented reaction in the host when inoculated on tomato. In the present case, all isolates came from potato and were reinoculated on potato, but the rapid symptom development caused by less aggressive isolates could represent some kind of recognition response.
This study did not fully reflect the conditions of whole tuber infections because the standard tuber slice technique was used, which did not include initial infection through the tuber skin. However, both techniques have been reported to successfully separate resistant from susceptible potato varieties (Sharma et al., 2013) . Despite the lack of statistical relationship between foliar and tuber blight, the current tuber slice assay analysis did reveal variations in aggressiveness of the isolates, and it is noteworthy that the least aggressive isolates in the detached leaf assays had minimal colony sizes on the tuber slices. However, as expected with no correlation, the tuber assay could not reveal differences between the US-1 and 2_A1 clonal genotypes, or between potato cultivars Kachpot-1 and Sarpo Mira.
This study highlights the fact that the P. infestans population in east Africa has been replaced by a more aggressive 2_A1 lineage. Managing late blight caused by 2_A1 on potato and potentially on tomato in east Africa could be more difficult if subsequent studies reveal that this lineage is particularly fungicide insensitive. Growers in Kenya are already complaining of severe stem blight symptoms previously not manifested on potato (Njoroge et al., 2018) . Many growers in the region still rely on mancozeb (Dithane M45-80% WP), a protectant fungicide, to manage late blight but this may not be enough and instead, a comprehensive disease management strategy using effective systemic fungicides and host resistance needs to be explored.
